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276a Monday, February 9, 2015Results and Conclusion: We have narrowed down to three docking-
configurations in step 4. Docking of E1 indicates that stoichiometries
(E1:Q1) higher than 2:4 will make the system unstable, due to steric clashes
between CT of Q1 and E1. Although we need to experimentally validate our
models, our progress with computational approaches has provided insights
into this critical region of IKs.
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KCNEs are single-span transmembrane b-subunits that assemble with and
modulate the biophysical properties of voltage-gated Kþ (Kv) channels. In
the heart, the pore forming a-subunit KCNQ1 associates with KCNE1 to
form the slowly-activating, voltage-gated IKs channels that contribute to the
repolarization of the cardiac action potential. In tissues such as the colon,
stomach and kidney, KCNQ1 coassembles with the b-subunit KCNE3 to
form voltage-independent Kþ channels important for Kþ and Cl- secretion.
KCNE3 has also been shown to be expressed in the human heart, although
its physiological function remains unknown. Different mechanisms have
been proposed to explain how different KCNE subunits alter KCNQ1 gating
and permeation. For instance, KCNE3 is assumed to lock the voltage sensor
(S4) of KCNQ1 channel in the activated state, resulting in a constitutively
open channel. Here, we use voltage clamp fluorometry (VCF) to understand
how KCNE3 affects the voltage sensor and the gate of KCNQ1 channel. We
show that KCNE3, contrary to what was previously assumed, allows S4 move-
ment in KCNQ1/KCNE3 channels. KCNE3 shifts the closing and S4 move-
ment of KCNQ1 to extreme hyperpolarized potentials, such that at
physiological voltage range (80 mV to þ40 mV), the channel is always
open. By decoupling S4 and the gate, either by mutations or PIP2 depletion,
we show that KCNE3 mainly affects S4 movement in KCNQ1. Two negatively
charged residues in the N-terminus of KCNE3 (D54 and D55) are, at least
partly, responsible for stabilizing S4 in an outward position, therefore stabiliz-
ing KCNQ1/KCNE3 channels in the activated open state. Further, we unitized a
triple mutation of KCNE3, previously shown to convert KCNQ1/KCNE1 chan-
nel to a KCNQ1/KCNE1-like current, and observe a decoupling of S4 and
the gate
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Kv7 channels are a subfamily of voltage-gated Kþ channels that play a major
role in the regulation of neuronal excitability. One important factor in the func-
tion of these channels is PIP2, which is required for gating. GPCRs govern Kv7
channels by determining the levels of PIP2, on one hand, and via phosphoryla-
tion on the other hand. However, an interaction of these pathways has not been
explored.
By applying liquid chromatography-coupled mass spectrometry to Kv7.2 im-
munoprecipitates of rat brain membranes and heterologous cells, we located
a cluster of phosphorylation sites in one of the PIP2-binding domains. To eval-
uate the effect of phosphorylation on PIP2-mediated Kv7.2 current regulation,
we generated a quintuple alanine mutant of according serines (S427/436/438/
446/455; A5 mutant) to mimic a dephosphorylated state. Activation of the
voltage-sensitive phosphatase Dr-VSP was used to reduce PIP2 levels. Perfo-
rated patch-clamp recordings showed that the Kv7.2 A5 mutant needed longer
VSP activation time for current inhibition than the wildtype channels. In vitro
phosphorylation assays with the purified C-terminus of Kv7.2 revealed that
various kinases are able to phosphorylate these 5 serines. After treatment of
cells expressing wildtype Kv7.2 with inhibitors of PKA, p38MAPK and
CDK5, activation of VSP had to be significantly longer than in untreated con-
trols in order to achieve current inhibition.
Our results reveal that the phosphorylation status of residues located within the
putative PIP2 binding domain determines the phospholipid sensitivity of Kv7
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The ether-a`-go-go family of Kv channels encompasses three subfamilies: Eag,
Erg, and Elk. Members of different ether-a`-go-go subfamilies fail to form
hetero-tetramers. Although a short stretch of amino acid sequences in the
distal C-terminal section has been implicated in subfamily-specific subunit
assembly, it remains unclear whether this region serves as the sole and/or
principal subfamily recognition domain for Eag and Erg. Here we generated
various chimeric constructs between rat Eag1 (rEag1) and human Erg1
(hErg1) subunits. Biochemical and electrophysiological characterizations of
the subunit interaction properties of a series of different chimeric and trunca-
tion constructs over the C-terminus suggested that the putative C-terminal
recognition domain is dispensable for subfamily-specific assembly. Further
chimeric analyses over the N- terminus revealed that the N-terminal region
may also contain a subfamily recognition domain. Importantly, exchanging
either the N-terminal or the C-terminal domain alone led to a virtual loss of
the inter-subfamily assembly boundary. By contrast, simultaneously swapping
both recognition domains resulted in a reversal of subfamily specificity. Inter-
estingly, introduction of the homologous hErg1 eag domain led to both a fast
phase and a slow phase of channel inactivation in the rEag1 N-terminal chi-
meras. By contrast, the inactivation features were retained in the reverse
hErg1 N-chimeras. Furthermore, an eag domain-lacking rEag1 deletion
mutant also showed the fast phase of inactivation that was notably attenuated
upon co-expression with the rEag1 eag domain fragment, but not with the
hErg1 eag domain fragment. Overall, our findings are consistent with the
notion that both the N-terminal and the C-terminal recognition domains are
required to sustain the subfamily-specific assembly of rEag1 and hErg1,
and that the eag domain plays a critical role in regulating the inactivation
gating of rEag1.
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Voltage-activated human Ether a´ go-go Related Gene (hERG1) potassium
channels play a role in the repolarization of cardiac action potentials and
affect spike frequency in neurons. Two isoforms of mammalian ERG1 chan-
nel subunits, ERG1a and ERG1b, are the principal subunits of the cardiac
IKr current and are broadly expressed in the nervous system, but there is
little evidence that ERG1a and ERG1b form heteromeric channels. Here,
we systematically tested for direct interactions between hERG1a and
hERG1b subunits using electrophysiology, biochemistry and fluorescence
measurements. We report that 1) hERG1b and hERG1a dominant-negative
subunits suppress hERG1a and hERG1b currents, respectively, 2) disulfide
bonds form between single cysteine residues introduced into hERG1a and
hERG1b subunits and produce hERG1a-hERG1b dimers and 3) hERG1a
and hERG1b subunits tagged with fluorescent proteins that are Fo¨rster
Resonance Energy Transfer (FRET) pairs show robust energy transfer.
Thus, multiple lines of evidence show a physical interaction between hERG1a
and hERG1b subunits, consistent with hERG1a/hERG1b forming heteromeric
channels.
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EAG, ERG and ELK are members of the Ether-a`-go-go voltage-gated
potassium channel family. Each channel possesses a C-terminal domain that
is homologous to the cyclic nucleotide-binding domain (CNBD) of CNG/
HCN channels but insensitive to cyclic nucleotides. X-ray crystallography
of EAG suggests the side chains of two residues, Y699 and L701, interact
in a manner analogous to the two moieties of a cyclic nucleotide in the
binding pocket of bona fide CNBDs. Using two-electrode voltage clamp of
channel proteins expressed in Xenopus oocytes, we found that alanine
substitutions of Y699 and L701 (‘‘AA’’) dramatically slowed activation and
shifted the g-V curve by þ15 mV. Mutagenesis of both residues were required
